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(57) Abstract 

A method of manufacturing a semiconductor device, comprising the steps of 
radiating a mask (3) by an illumination optical system, passing electron beams 
through a pattern on the mask to form an image on a wafer (4) through two lenses (1, 
2), reduction-transferring the pattern on the mask (3) onto the wafer (4), and setting 
at least one of deflectors (CI to C8) and (PI to P4) forming a deflecting system (7) 
so that the expected half size of a deflecting coil and an Ampere Turn value are 
roughly zero in 39, 56, and 76 components of a magnetic field generated by the 
deflection, whereby a quadruple aberration occurring in the deflection (7) can be 
reduced. 
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^ LfeRtiM^^ (z^,0) TiKJi^^^St-t. {il^]±J«^i£^^»H:ftM5gc cos 
sin[0 ] {iJt^^Jf ^fi!o^»^^(DJ^T'^$tlS;5^ {il6]J^tJl^1^W^l±I« cos 
[3 01. sinl3 0], cosl5 0]. sin [5 6 ]m(D^^'A<DBnm&,\ZttmLTc0^^0 

0, ikmm(Dm^i)^mAjrciot^zt\i. ^ ji/\'^±.izM^^tL^mmm^(Dm 
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d <J: s s o 

Ampere TumM*, ^ iSiilSiS »C J: o T^^fef S 3 0 fiK^)-, 5 0 

zx. m\^m^^ji,^^^ e i -h^mt m ° x y(2n + \)xh^T\m. ( n ^ 

2. i = l~n) e.t?lff£ 'Ai^ (1). (2) ;5^1;i)^emS 

TO^SiCk{C:?ifLTS«fi)ti-rSJ:-3(C#ii[6lg§3-1';i.i® Ampere TumMJ i 

3<7)tt2) (n-i) <D^<D^M(r>mmzWL^^fi^. 

^rz\t. MfSlS^l.iiJ^¥^ii 0 i 180 ° X (i - i/2)/(2n - l)X$)^nm 

(n^3, i = l~n) O {1 16] §g □ 6 ^ b . (1). (2) TiU 

^m^TCD^g^k (iMLTSfffilcufS J; O {3^MlS]g§=]<;i/i© Ampere Turn 

izm. (n-1) (Dm<DBM<Dm^\zmM-$ti^, 
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iji-sin( 00=^0 •••(!) 
1-1 

gJi-sin(2k+l)0i -0 (k=1.2.-*Mn) '"P.) 

^tz. {KfiJigD-r Ampere Turn M ^ , M^CDS 6^^. 5 6 

IfilSgn-f JKDfflc. ^Ci!^il^^;!5i 45 " « I^J □ i£ ^ , *>^c«, 

ggt Yli:^iS]{i(p]§§(DD-i';KD^-&, (i^U< t%-of)^mti.^ izm^^ti^ 

m(n^3. 1 = 1-11) ©{i[6]§iD-r;i.T«l/>tt, ( 1 ). ( 2 ) :f!)U 

^m*-C©^S$!ck LTSfifiKiE-rS J;d{c:#<irS]§§n-1';i/ i O Ampere Turn 
fiiJ i ^Wt^t^^'DlzLXhBil^K rzfzL, m(Dmt. ^/JnM3 (n = 3<Dt" 
^ 2) tm±^ (n- 1) <Dm<D^M<Dm^\Zl&^^tl^o 

^ft\t. {i[fi]Ss^Bji^¥ft 0 i 180 ° X (i - i/2)/(2n)T'*S nM (n 

i = l~n) (DMm^^-i }V:^^imj^L . 'A^ (1). (2) ^SUTi^^m 
STO#SSS(kH^ILTSt^fiKu-r^<l;^Jc:&<i|6]^D'r;U i © Ampere Turn M 
J i Sr^^Sf fcfcL, mC)Mtt. S/hM 3 (n = 3W<J:#2) tS:'^:® (n 

-1) (Dm<D^M(om'^\zmM^n^, 
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|:Ji-sin(0i)^O •••(!) 

t Ji'sin(2k+l)0i - 0 (k=l,2,- '-jca) -(2) 

sfc, mi^^^nm (n^3) ©iBiR]§§D-r ::ne)C!)«i6j§&3-r 

JKOj,C:*.¥^t Ampere TumffiS:. m^(D 3 d 5 6 0Si.^i5^ZS 7 9 

*ntt^<!:^4L/J:^i<J;5 t^^LTfe^Vi. ^ ><? O □ -f ;i/ O Ampere 

* ^ /h S ^ S © ^ t i ^ -r A* -f ;^ ii T -5 ^ 1 3&« T # -5 . 
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O Ampere Turn ffi 2: ^ T 0 . 

0 1 3 tt. mi -^6 0||Sg®JgBt'jttJtx-rS<i|6]§§© d 2k-l OfitSr^-TEI. 

J^i|^^*5<kt; Ampere TumMWlf^^M^^-r El. 

UiT> ^^monmmm (embodiment) HOViT. El ^ ffl i^i T H5i BJ-f -5 o 13 1 
ti. <^m*4i^lS^7^Se©IKIii&^fi£^^-ri2lT$)^o la l fc:feliT l > 2\tU> 
X. 3«VX^. 4 «g5;&S«T$>^':7xA, 5 JitS[SL7/1-5^^-. 6 
7 (C 1 ~C S^feir/P 1 ~P 4) tt^[fiJS, 8 «l|^i^©$/ljtTfe5. 

u>xi <i:U'>X2(D^i{in. mn^m^tiy h-t^tctb(Dnn.7/'^-^^-5 
75^gjtt?>nTiis. {sipjUTH'&fn 2<@^tte.nT*50, t^a7A-5^^-5 

<t O^Xi^tJlCC 1 -C 8 <^8®d^ fiSL7/1-5^-\'- 5 ck D ':7x7\#JtcP 1 ~ 
P 4 CD 4<@7&^*^tt ^>tlTVi'5. C:nS(7){ilS]g§ 7 tt. 3 (DRlT^(D{iM$rtB 

t, 'i'xA4®0f^©{iS(rM^-r5 J;'5tcm^ill$ri^|S]$-&5{a7&^ ^OM* 
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Ampere T\mi . (D S 6 S 6 fiSL^rH^Hti. < . 1 G^^ifiUthjE 

1*1 CD 4 SiiKMT & n ^±\zm^Ltii^if.mx'fi<x'h^\^^t\^^z> z.tr$>^. 
t£:io, &.r0mmx'it. isj^7fe^i^t;^tj-^n?t^[B]S§c i ~c s . pi~p4 
\zMiyr. ±m(D^o\zmi^-r^m'^\z'D\,>xmm-r^-f)'^> mmyt^j^<r>M\pim 
1 nz'D\^^xh±<mm\zmmt^iitf)^T;^?>, 

WsfXitMl^Zi^ )Vi(DM.C^^^^ 6 i. i^^^n^ )U i © Ampere Tumffl^fe J i 

1 (Dmm<Dmm) 

m\^^^^^il^^^^ 0 i = 180 " X i/(2n + 1) nM (n ^ 2 . i = 1 

~n) <D®l^^n^ )V:fy^<E>m^^ti. (1). (2) i)i li)^ iE>m^X<r>^m 

^k\ZMLX^r}^-Z>^t\Z^M\^^U-^ }V i<r> Ampere TumfllJ i^^^-TSo 
Tcf^b. m(Dm\t. S/hMS (n = 20t^l, n = 3(Dt#2) tm:Km (n 

-1) ©rp^0fiicoMigcfcis:^$n'g). 

|:Ji-sin(ei)=^0 •••(!) 

1-1 

£ Ji-siii(2k + = 0 (k=l,2,- • • • -(2) 

1=1 

{i)^(D:&m\tmm\z^^-r?>mm^^vx^f}. ii) ^ami^izm^r ^mmn^ 
a^<D(2k + i) 0B)c^^^n^*n^LT*5f9 , (2) ^li^si^^ic ct-^r^^ 

cfc 5 7a:«^T$>oT=b k = 1 55^6 k = 3 (2) ^J&^fig 0 J; P iClg^^ ns, 

ZL(DZtti^ih. k = 1 A^?> k = 3 ST0-5-n-^tlfCOI/iT (2k+l) 0 

0 t^Ji'SCi^^^SE^n'S^T. 30. 50, 70 fi!c^^& 0 <J: "T -5 :i i ;f!>^' T' # ^ . 
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iilfilgS^-f ;P©MiC7!>in = 3 {2)SC«k=l. ZlzmVXl^iLt 

•5©T. 3 6, 50 fix.^-^^ 0 tt^^o Lf)^V. & f&l Zi CD 1, iA ^ ¥ ^ 9 1, 

SiftWfr 0 <»:J&:0, 7 e ^^\tO tU^. 

)\^(Dm.^i)^T\ = 2 ©Jg^tdtt, (2)SC{C J; 0 3 0 0 0 . 

I.i2.*¥^0 1,0 2 (7v7>) ;i5i«7t/5, 27c/5i:;a:5;!i^e)5 6 ^^f)^ 0 t 

Sin (7 0 l)=Sin(7 7t/5)=- Sin(- 7 7t /5) 
= - Sin (2 7t - 7 7C /5) =- Sin (3 7t /5) 
Sin (3 0 1) 

Sin (7 0 2) =Sin (14 tt /5) =Sin (4 n /5) 
= - Sin (2 7C - 4 7t /5) = - Sin (6 7t /5) 
= - Sin (3 0 2) 

JlSin{7 0 1) + J2Sin(7 0 2) 

= - IJlSin (3 0 1) + J2Sin (3 0 2) 1 =0 

n ^ 3 t'^fel/^Tfe. m(OM^S:*cM (n - 1) (c^^bTk = 1 ~ (n 
-1) HOI^T (2)iC€rliK0ii:fc-&, (2n-l) 0 fig^ * T 5: 0 <h -Tnti, S 
®J&<){C (4n-l) 9 ^^^X'f}^0 tt^^Ztf)i^f}^^, 

&.±<DZt^'0. ^i<^l\Zii^^XM'A^6^^<D 3 9 . 5 0 , 7 0 ^£ ^J- 0 <!: 1" 

g§^i';K7)^jAi?#.iji^ 0 i Ampere Turn J i t^Ul) ^id (2) ^^m^-Tti 
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tti.f^%. ^M.'^^'hm^mmP^tti.^(D-^hn\t.^Thh-^fk e \ t Ampere lum 

M J i (i)Si5cti;(2)5S*w{5ijj m^^n^^^\zm.ith. ze^^. 5 

tTl/i§^'&t«, |iIil(Da*j&^6, :%T®ii|pI^fIOliT 

ja®M€:^^L, m©.iiSrfi;>cM (n - 1 ) tC^^LT> 1 e> (n - 1 ) 

;&q#e.tlS0T. ^iBiaiggD-r;!/® Ampere Turn *t J i Tii-^WtC^S S. 

(i(^n§§75^*l,jA^i{i^ 0 i = 180 ° X (i - i/2)/(2n - nffl (n ^ 3 . i 

= l~n) (D{ifS]i§D -f f,^gfiit$ n, (1). (2) jJJ 1 tJ^ m S T 

#iE&klCji^bTl«)cOiL^<fc5tc:#ii|^i]gg3'f;i/i0 Ampere Turn IllJ i^WL^t 
?>. fcfc't, mOM«, ^/jN^iS (n = 3(Dt#2) i:S:*cffl (n-1) ©Ikl© 

SJi'sm(2k+l)0i -0 (k-lA'--.m) -"a) 

^JSOJ^tlro^l^i:l^«IH k= 1 k = 3 (2) 0 iCO J: ^ fClS^g 5 

nSWT, k = 1 A^f, k = 3 ^T©-?-n-?-*tHCOl/iT (2k + l) e^i^-h^Ot 

ti^^ztt^^mtti. 30, 50, leiii^^ofr^^tt^-Q^^o 

{il^l^n-r JKDaigCn;5^n = 3(D^^ll«, (2) ^ tc ct D 0 t ^ d <i: i5S SE 
^nXViSOJi, 3 0 Jjti^t 5 0 fi)c^®i?*.TS5. LtS^U, 
Sin (7 0 1) =Sin (7 Tt/lO) =Sin ( 7C - 7 7C /lO) 
-Sin (3 7t/10)-Sin(3 0 l) 
Sin (7 6 2) -Sin (l4 TC/IO) -Sin (2 tt - 7 71 /lO) 
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=Sin(6 7r/10) =Sin (3 6 2) 

Sin (7 6 3)=Sin(21 7C/10)=Sin(3 K - 21 Tt/lO) 
=Sin(9 7t/10)=Sin(3 6 3) 

JlSin (7 0 l) + J2Siii (7 0 2) + J3Sin (7 0 3) 

- IJlSin (3 0 1) + J2Sin (3 0 2) + J3Sin (3 0 3) I =0 

liTt), m(Dm^m±i& (n-l) tCig;tLTk=l~ (n-1) iZ-Oi^X (2) 
^S:fiK0 35:fc-B-. (2n-l) 0 fig^^ ^ T ^ 0 tfnii, ^Wj^iZ (4n-5) 

&.±0::t^v). m2<Dmm<Dmmiz^\,^xm'A^^^(D3 e , 50, 70^2 

4m&s±<oim\^^^^ }\^^^mr^m'^\t. 'Z^mt^mi^&iz^^x (i)s:®fe 
mom^^^b. f)^z>. m^m^mi^m (n - n \z^^lx. ifi^fb (n - 1 ) 

*TOk0M{C?tLT (2)^^fifeu$iiSi> n {@ (D J i IZMLX n m(Dy5m^ 
*q#e.n^©T> ^(SlSlggD-r^KD Ampere Turn ffl J i 75^'-^ W i' ^ ^ -5 . 

180 • X (i - i/2)/(2n - 1) tLtzm-^iZit. n#@ (i = n ) O (S (S] gg □ < ;i/ © 
l.)ii^¥^l0 nMr90' ttl^OX. tztX\t. I^^t2^m. 3*IEt 

4^mo>®\P\^u-( )vi)m^fs.\yx\,^^^'^. \^mtAn.m. 2^i5g<h3^is 

CD H -< ;I/T^IIb£ L . d (D □ -r $ n;t Ampere Turn fi© 2 fgO Ampere Turn 

cms (D^iirojgii) 

m3 0^Jga)J^fig-e«. )V<DM.Z.^iS^nil hmptxt Turnfili£, 

OS 0fi)t5^, 5 e^^^i^m e ^^ifi\^thjE%±hti.^^^^\zm.'^t^tt 
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is I^iJ 31 ; u § ^ <t ^ 1 1 1 . 

45' (Dmmmn^ )i^^t^m'^\z\t. xi4^i6]^f^§§o 
f^^-rz.ffyix'^^, ^m^mi^^n^ )i\zi^rmm\t. x?i&;&i6]iiin]g§T*£>si 

t^n^mmt. Ylib;&|6]^gI6IggT'^^^^<^:$nsmiii^ro.fP t^s. 

^4 {BlS]|g;5t^jXjz^^:ft 0 i = 180 " xy(2n)T$)^nM 

(n^3. i = l~n)(D{i[6]§§D'f ;i/T'^fi!t$n> ( 1 ), ( 2 ) tSU 

e.mtT(D§SiCk{C^bTfi)cDS!:^J;^f::&iilp]g§I3'f ;U i <D Ampere Turn M 
J i 5. fefcb, m©fg«, ®/hM3 (n = SOtt 2) tMi^m (n 

-1) »ra®ffiit©Migc{ci9:^£$n5. 

Jji-sinCeo^O •••(!) 
j-i 

gJi-sin(2k+l)ei =0 (k-1,2.' * •.«») ••(2) 

::<Df^ 4 (Dmm<Dmmizii\^^x ^mvrcm i ®^M<7)j^^^m 2 (tj^jso) 

J^^tl^^lC, n^4<Di:t«, (2)5i[IctO, 3 9f&^. 5 6^^, 76^^ 
^Olzr^Cti}^^^^. ^tz, n = 3 <Dm^\Z\t. {2)^\Z^f) 0 tf3i^:Lt 
Ti^^^gE^nxiiSCDH 3 9 5 0 PK^^c^^T'fe^Ti^ 

Sin (7 e 1) =Sin (7 7C /6) « - Sin (7 Tt /6 - 2 7t ) 

Sin (5 7t/6)-- Sin (5 9 l) 
Sin (7 0 2) -Sin (14 7t /6) = - Sin (14 7t /6 - 4 7t ) 
= - Sin (10 1C/6) — Sin (5 6 2) 
Sin (7 e 3) "Sin (21 ti /6) = - Sin (21 tc /6 - 6 7t ) 
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= - Sin (15 7C/6)=- Sin (5 6 3) 

JlSin (7 0 1) + J2Sin (7 0 2) + J3Sin (7 6 3) 

|JlSin(5 e l) + J2Sin(5 0 2) + J3Sin (5 d 3)1-0 

n ^ 4 (D^^ir^SV^Tfe. l^^;a:§5«^{C J: 0 . (2n-l) 0 * T 0 <!: 

^^oiZ (2)^^^libn\t. (4n-3) 0 fiic5i-^T75^ 0 tfcC^. 

^CC»;t46. m 4 ©^M«Jf^^{;:foV^Ti^;^fi)t^}-Ef' W 3 0 . 5 0 , 7 6 0 

mOym^MizM (n-1) iZU^LT. If)^^ (n-l) ST'© k ©MfC^^ LT 
(2) tlCcfc D , #^[6]l§Il-rJK^ Ampere Turn M J i Jt 

n-3) 0Rg^^*T* 0 fCfSCltJi^Tfrs. ^<D±T,. £^S;a:<Sl6jglwJ:oT 
(1) iC®£ia<D#$ft^f S Ampere Turn fit J i75«-a6<J«C 

dc^m 4 cO^tgWJgSsWcfc ^ 0 i ^ 0 i = 180 ° Xi/(2n)<5: 

L-7t^-&tilS. n#g (i = n) <7)iB|S]§i=i-i';KDmi^*¥:^ 0 n tt'i^^-f 90 ° i 

(Dmm(Dj^mv\t. ^^^^tmi^^^^M e i = 180 ° x (i - i/2)/(2n)Tfe 

Snm (n^S, i = l-n) CD^lS]i§D -f n, (1), (2) 

T&n A^6mtTC5^i[i:ktlMLTfi)tO]i-3J:^{C#«|«]^Zi'r i O Ampere 
Turn fit J i$^3£f^. fcfc't, mCDMtt, ^/hfil 3 (n = 30tt2) i:^:;>c 
fit (n-l) ©PalOffiiiOM^tC^^SnS. 
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|:Ji-sin(0i)=!tO •••(!) 

t Ji'sin(2k + l)0i = 0 (k=l,2,- • • • -(2) 

i»i 

^i) 0 tU^Z tf}^^&f^nX^^^<D\t 3 d fSL^. 5 e ^^(D^T&^a^. 

Sin (7 0 1) =Sin (7 7t /12) =Sin ( tc - 7 tc /12) 

=Sin{5 n:/12)=Sin(5 0 l) 

Sin (7 e 2) =Sin (l4 7t/12) =Sin (2 7C - 14 7i:/12) 

=Sin{lO 7C/12) =Sin (5 0 2) 

Sin (7 e 3) -Sin (21 7i:/12) -Sin (3 tt - 21 7t/12) 

=Sin(l5 7r/12)=Sin(5 6 3) 

T -5 (7) T , 

JlSin.(7 0 1) + J2Sin(7 0 2) + J3Sin (7 0 3) 

- IJlSin (5 0 1) + J2Sin (5 0 2) + J3Sin (5 0 3) 1 -0 

n ^ 4 ®^-&{C:feliT t)> mmumW^iZ^K) ^ (2n-l) 9 J$.^^X' 0 tti 
SckpiC (2)^S:^*n(f. egjWfC (4n-3) 0 file ^i" ^ T 7&^* 0 i S , 

m 5 (D^J|(DJgB{i:feliT^;*Cf£^i-4'® 3 0 , 5 0 . 7 0 fiK5)-€: 0 fr-Slrtt, 
<iiR]|g3<;i/®MI&n « 3 X-\r^X$> 0 , J; -5 Hlg^TS ©*«g feigl^r 

m (n-l) \zm^LX. l^^ib (n-l) ^X(Dk(Dm\zMVX {2)^^^iL 
#{SI^gsI3-r JV- CD Ampere Turn M J i C5 it W * ^ , 

^LT. mizm^it^ou^Mm^(Dmm^m\^^^ztiz^K). (4n-3) 0 

^^^ST$r 0 {CT-S 31 iJ&^T#5. •^©±T. i^J^g l«n ft fC <t o T (l) O 
iS^M^ft^-rSt, AmpereTumfil J i :^^-^6<) »C ^ * 5 , 

(me (7)^ii©j^M) 



wo 00/48225 PCT/JPOO/00822 

14 

m6(Dmm(Dmmr\t. m\^i§f)^nm (n^3) <D{i[6ii§D<;i'^£wt> cm 

^>«{S[S]g§I]'l';KD^jXj^^iii^t Ampere Turn fil , ±I<^ 3 0 fig ^J" , 5 6 

^.#:WJctt, (5), (6) tfe 2U^T®k{c::3ViT, 

2sin(eo=^0 •••(5) 

i"l 

« 

2sm(2k + l)0i = 0 (k=l,2/"^-l) •••(6) 
1-1 

3 6. 5 6. 7 9 0i^^m^t^(DP^x$>tni. 5 m&,±oMf^^=i ^ m\^^ 

ft^'^Xh. m^m^hm3\zU^VXk= 1 , 2. 3 let? ViT (2) i^^&^STS 
Xo\ZL. Jint (1) iCi<£rafi$-a-ntf, ^{i|S]§§3'1';KD Ampere Turn M J i 
^^tb^Zti}^Xt^, Z(D^oU^^\Z\t. &<i|S]|§31-fJU0 Ampere 

TumMJ i^^^-t^iZit:^m^(D^f)i^rit^\,^0)X. Ampere Turn M J ii}^~m 
WHZ\t^^<ht. jL^tt^WrS iliii^C-S.ctoT, n^5 ©Jg^ tCii V^T , 
UO^e (n-1) ST(Dk{;:otiT(2)i^<&?SJ£$-e-^ck-5(iU. J:0ifi5;^<:oe 

^^^^.^r^^oizt?>^t'f}m^L\^K 

;l^CD?fl^^*D-&{^J^E! 1 1 ~0 1 4 \ZijkLtZc mi 1~EI14 1C«. NoJCd; 0 

tie)©MlS]i§3-f ^KD Ampere Turn M, EI 1 3 (7) $ tl d 2k-l T^S. 

d 2k-l fl^feV^T. d 1 tt±^tfc (l)^<7)£ja0MSr, d 3 t^l^tt (2) iCtOfeS© 
^i$r^tl-e'n?K tT*5 D . d3, d5. d7tt3e. 50. 7 6 fSL^^. d 9 iik 
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gJrsin(2k-l)0i (k-lA"-4») •••(7) 

ifi]^ No.i No.3 \tm 1 (Dmm<Dmm\z^^m\^m^, mf^^ no.4 
1^ iio.6 \tf$2<Dmmo)mm\z^^M\^m^. mmm no.?, no.s «m4<7)^js<D 

J^I|H=l:-5iil6]g§?:, iil^Ogg No.9. No.lO tJ^ 5 © ^ii ct S M f^§§ . 

No.ll ^=tJ>'^[^]i§ No.12 ttH 6 ck'S^Slfilgg^&^LTVi^. 
Sfc, ^m\^l^om\^mn^ )V(DmW^n}i. ii|6]§§ No.l 2 , <S|ia§§No.2. No.4. 
No.7. No.9 *3 J: IX No.ll d« 3 , iifSjil No.3. No.5. No.8. No.lO ^ ct tX No.12 4 . 
iBifilS No.6 j5« 5 T*^. 

^mii^^ lOnm^mtir^Tctb(DM.j^^^^(Dtf^m^ (Ampere TumfiiCl^M 
Ti^Mlit L^c:®^) t. Ampere Turn ^S^f^^^ll ^MtS* <!; 

Lfc^^) -C^S. U-f^KOlg^^lg, Ampere Turn fit tt, WmiKL^^^TtSfi 

*sgS(7)-fn*m$n-575^ c:(Dggfn, tf-^ti^t^WLmm^izfBcx, mi 

/cC*, El 1 2 {1*3 ttS Ampere Turn h P < ^^JWD V^T, ^ii^^J- 

^nti^eO' Oii|6]D-r/H mSr^ffl bT 1 Ampere Turn O l5!ia<£4^;lfc: t . 
l^i;^yi6]^SS:#5^c«)fC:jf:xg?Jj: Ampere Tumfili^S^UTVi^. f^fc-^. (8) 
STtSS^it^Jzofd, #J i ©M^^^LTV^-S. ^fz. M^T^^^^m^ 90 " O 
■D^ )V\Z:fdl^X\t. nfim(D^v\Z. 0 1 2 1 43 It § ^ O 2 (D Ampere Turn fi 

|:Ji-sin(eo-sin60' •••(8) 
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~C8. P 1 ~P 4 0±T»C*ftT±^L;tm 1 ~^6 0^JgO!)Jg|i0Mn75^S: 

Sltl:feViT, -7 7.^ Z Am(Dmm.^ 600mm <?iL, VX^StCiitt 

5 1mm ^l®/1^'->;f!)^'5x/N4±T 0.25mm ^lf'/J'5J;'5{;l/>X 1 , 2 ©Ilia 

6mrad ©f-ATTXi7 3 ±©/1 - > S^Ui 6 2.5mm amfc'^xA4±(D 
O^m. Jiom^ mm tW.j^<^^^. Ampere Tuni<i, 

rs.^m^(D'A^^^\zi:y) . 3'A^^iz^<o^^r^ 4mu^. s-a^^^iz^k) 
m^t^ 4mum. ? :^^^\z^K>^±-r^ 4miRm. Q:kfSi^\z^y)^±-r^ 

4SJRMIl5>ltT^Lfc, 

m 1 5 \z^tmint. iHi6)g§c 1 ~c 8 . p 1 ~p 4 \t±xm-'i'^ zf(DU\si 

S§TfeS. 0i| (example) l'-4<i:UT^$nSii[6]SgiSl l~lill4{w^b" 
fe^grfijSg 1 ~ 1 2 t ©jktfS:(rot/iTtt. 1 <DiSi6]|gt'«iii6]S no.i $ 

l^ij 2 WMlSllltCttiifS]^ No.ll 75^ -esj 3 (DiilS]t§lrtJ{i|S]§§ No.2 4 (D 

ifi]gg0^8ir®0^, m4\zm3(Di^^m(Dmmmm^. m5\zm4<Dm\^ii(om 
mmm^. me{z]t^m(DMfi\m(Dmmmm^^n^ti7ikro 
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250nmW±. 300nm i^±^4 L T -5 . HtLlZMV. 7 6 ^^^m^T^ 

^^^S:t/> Ampere Txxni M<DB^it. MKD^tltit^X. 9 0 fig^J- CDfS ^feS*^ 

*ij6iij(c^csj;-5ic:^tt$nTv>s. c:ntc:j;o. m2\z^f,^^ 4mum\tmi 

Ampere Turn MtJ^ ;^ tlT S » T , 9 0 fiK:^^- tC^ HT § 4 SlRH S T , i^T 
» S iK M CO fg ^lE ^ gl^ <• C t T # -5 . 

'A\z.z(D^^tim^mm^m^^rz^m^m^^i]^<Dmytiz-Di^xmm'r^o 
m7 \t6^mm^<Dm&^^-tmx^K) . sis (ji^^-^xA-Tfe-s) w±iitt 

y 1 0 3 ;5iJ^^$n, $e{C5^>:/^l 0 3 <DmWtm^<0 7. h ^-f y 

1 0 4 {c, h^'f y 1 0 4 liiiiso-y-y^ -;u K s fc-?-n^*n^^iij$nT 

V^S. I^^i/Jl/S (EIl#Bi) 7° 1 0 3 (7)m^fClc¥$n^ A'^S'->/{)^* 

Zh7'fy2 0 4 (08#fig) tl^fiJ^n, $ h v-f ^2 0 4 «7. h7-f 

7^1 0 4 0ij-:/7^-;PH.s{ijt<fjsuT-y-y7^-ji'Ks ' {i^^iO^nTVi-s. 
i^f'J©j^fe¥:&S®g5tTfi, ii^, gi 8 \z^-r^z>fji:^&xmm^nt>ti^. 

EI8 T«, lP3:J\Vf(D lOOXh^-r^l 04<!:l/5^i^;i/3 ©MJ&f-ST. h ^ -f 
7^2 0 4 t $:^Lfco ST, 1^ 5^ ^ ;i/ 3 ^ $ n;t U 5^ ^ ;i/ X x- v t x /\ 
WT&^gt^nfC^xAXx-vtSr. Xh^-fyi 0 4. 2 0 4 T 

mEB\Zi:-oXmm^n. -9-^7^ -;H>*S • {c:j^fijc$nfc/'^iJ'-><D^;!)«El 1 
t:^1-J:7^j:JS^7fe^l^ti J:oT':7xAW(D>t=flS:-ri)-y->^7 ^ -;U h' S ±{c$i/Js 
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^LX.m'^mEB ^ Ix^^ JUXx-v?(Djiff ;^lS]<!:PISiS^;5:;^f^f;<i[S]$-|+« 
^^*ff -5 d t (CJ; 0 > h^±frf Sckeitd 

^D-yy ^ s' <D^-f)im^mEBiz^y)mm-^ti^^'D\zmn<bnrzh(D 

Tabs. 

T. '^xA^£{jg-rS'i7x Agfigig S 1 . ■:7xAl;:5^>>y^:JgJ5)t-r'5©t£^g 
J5:iPX«ia^ff -5 C^xAyn-t i/>i^Ig S 2, x AtlJ^filcSnfcf^ 

im-^r:>WK>tii,Lx, y"^"^^ :^tbxW}i^-^mttmmizm^iLx^=^yym^iL 

So 

3L/\yD±.y •y>ifi:m s 2x$>^, zny 3i/\yn±y ->>ifxms 2x\i. 
msf^ntzmmn^->ifiy aL/\±\zm:^^mm^^n. u-^MPut u 

TSlf^-rSxA-rX^';; y*i-i;xAJ:{3^gC?^J5)c$nS. ^Ofc*, ':7xAyo 

yx./\mw.^mmm0s.xmxm^-^tirzmmm^mitr^mitxm. dtmmm-^ 
y 3L/\mw.^^misiff]iznixt^tzisb\z. vxi? (i'5'd7;i,i:feii?tin5) 

T \'y^ jLy9->ymizj:ommm'^m^^mxt^jLy^>i/xm. ®^t> 
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EI 1 0 tt"^x A^D-t >;/ ->>:yiig S 2(D^m^^t^) V if y y ^ XUOP^^ 

m^vtzUf^ii. s^is s 1 2 fcjs^iT. 7. i7 MT^xmri^m-^ tift-^ 7. i; 

t(D^Tt)itm^t>'^?s>m^^tbrzmytxms i 2 75^'sgT$)-g>o ^on^ig 
s 1 2 iz-^^m^mmt ^ c tizj:K) , ^^-cmmf)^^'^mr$>^ t^nri^^tz 

tt^. h^Ltzmmmritm'i'm^mi^rzmyt^m^mizmmLrzf}^. -r^t^ 
}z-j:.^^tsmmmf-m^m^^^^^mmizmiyX^mm\tmm'^mr$>^o 
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V. 

Ampere TumMS:^ Bm^Ji^^lZ ^ -oX <D 3 6 . 5 6^^ 

2 . 

mj^m 1 iztm<Dmmw.'^mm^mmizio\^^x. 

WfB{i[fi]gg(Dil>7'j:< t% 1 Ei^^^f^ e i 180 ° X i/(2n + l) T 

*-5nm (n^2, i=l-n) (D <g (r) ^ □ -f ;i/ $r W t , Cltl 6 -f ^l' 

O Ampere Turn M J i 'A<D^^. 1 - m O # Ml^Cffl k {C O T , ^'i?, St^ 

|:Ji-sm(0i)=J'=O •••(!) 

g Ji-sin(2k + l)0i = 0 (k=U.- • -^m) • • -(2) 

fefc'U, m(D®/hM«3 (n = 2«i;#l. n = 3 (D i # 2 ) X'$>K>. Mi'^U 
\t ( n - 1 ) X$,^c 

3 . 

wltiM\^^<r>(}^U< th 1-D\t. ^li^^^^e 180° X a - i/2)/(2n' 

- l)X$>^nm (n^3. i = l~n) © M l«] Is □ < ;W S: W > ::n^©(i(6] 
§i3<;i'0 Ampere Turn M J i 75^ ^^WiCS:, 1 ~m O ^g^ffl k {I O 1^ T , ^ 

SJi-sinCeo^O •••(!) 
i-i 

|j Ji-sin(2k+ l)0i - 0 (k-1,2,- * ',"») ■ • -(2) 

TzfcL. m»M/hMtt3 ( n = 3 (D i ^ IS 2 ) TfeO, S;>cii« (n-1) X^ 
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4 . 

5 . 

mtiMi^^<D{i>u< irDit. ^T^^^ne i j^naa 180 ° x i/(2n)T^5 

(n^3, i = l~n) (D{Sl6ll§D Jl'^^ L , Jltl 6 <^ |6] l§ □ 'T JKD 
Ampere Turn M J i 55^ ^©iC^, 1 ~m © ^SIScM k fCO , «-'«r, St^t^SS 

|;ji-siii(ai)=^0 •••(!) 

£ Ji-sin(2k+l)0i = 0 (k=»l,2/ • • • -(2) 

1=1 

tzfzL, m^S/jNfilttS (n = 30t#«2) T?*»3, (n-1) 

6 . 

mB^l^^O'Pf3.< <h t) 1 ^ii^il^^l 0 i 35M80 " X (i - l/2)/{2n)T?* 

Snffi (n^3. i = l~n) ©<i[fi]§gD -f ;|/ W b , d n e> 
Ampere Turn (B J i 1 ~m<7) #§|ScM k (I O liT . ^>!?, StJilJE 

gJi-sinC 60=5^0 •••(!) 

t Ji-sin(2k+ D^i = 0 (k=l,2,- ' '.m) • • -(2) 
1=1 



tctzL. m0S/hMlJ3 {T\ = 3(Dtt\t2) X'&K). m:k&it (n-1) r$) 
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7 . 

mim\^m(D^ti< i-ou. nm (n^3) ®iiin]SgD<;i/^wb, 

^(iil^^Il'r ;K0 Ampere Turn L < ^^^nxti^, 

8 . 

9 . 
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